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® Lateral flow chromatographic binding assay device. 



@ The present invention relates to improved spe- 
cific binding assay devices comprising a chromatog- 
raphic medium including a reaction site at which a 
specific binding reagent is immobilized, a sample 
application means located adjacent to said 
chromatographic medium and offset upstream from 
said reaction site, and a liquid absorption means 
offset downstream from said reaction site. 
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LATERAL FLOW CHROMATOGRAPHIC BINDING ASSAY DEVICE 



BACKGROUND OF THE INVENTION 



The present invention relates generally to 
methods and devices for carrying out specific bind- 
ing assays. More specifically, the invention relates 
to methods for the use of chromatographic trans- 
port for the movement of reagents and reactive 
sample components. 

The use of specific binding assays has been 
found to be of great value in a variety of clinical 
and other applications. Such assays involve the 
detection and determination of an anaiyte sub- 
stance which is a member of a specific binding pair 
consisting of a ligand and a receptor. The ligand 
and the receptor are related in that the receptor 
specifically binds to the ligand, being capable of 
distinguishing the ligand from other sample con- 
stituents having similar characteristics. Specific 
binding assays include immunological assays in- 
volving reactions between antibodies and antigens, 
DNA and RNA hybridization reactions and other 
specific binding reactions such as those involving 
hormone and other biological receptors. Specific 
binding assays may be practiced according to a 
variety of formats well known to the art. Such 
assays include competitive binding assays, "direct" 
and "indirect" sandwich assays and agglutination 
assays. 

Because the results of specific binding reac- 
tions are generally not directly observable, various 
techniques have been devised for labelling one 
member of the specific binding pair in order that 
the binding reaction may be indirectly observed. 
Useful labels include radiolabels, chromophores 
and fluorophores the presence of which may be 
detected by means of radiation detectors, spec- 
trophotometers or the naked eye. Where members 
of a specific binding pair are tagged with an en- 
zyme label, their presence may be detected by the 
enzymatic activation of a reaction system including 
a signal generating substrate/cofactor group 
wherein a compound such as a dyestuff, is ac- 
tivated to produce a detectable signal. 

Specific binding assay devices are known in 
the art comprising vertically arranged elements in- 
cluding (a) a porous capture material which is im- 
pregnated at a reaction site with member of a 
specific binding pair such as an antibody or an 
antigen; (b) a removable prefilter disposed above 
the capture material and (c) a blotter disposed 
below the capture material. A sample liquid such 
as blood, serum or other biological fluid is added to 
the device wherein the prefilter removes par- 



ticulates and other impurities from the sample 
which would otherwise be trapped on top of the 
specific binding capture material. Anaiyte sub- 
stances within the sample are trapped by means of 

5 specific binding reactions with their specific binding 
partners on the capture material. Non-analyte com- 
ponents of the sample solution pass through the 
capture material and are absorbed by the blotter. 
Wash steps may be carried out to remove non- 

10 anaiyte components from the capture material and 
additional reagents such as enzyme substrates, 
cofactors and dye precursors, may be added to the 
capture material in order to indicate the presence 
or absence of anaiyte at the reaction site. The 

is prefilter must then be removed in order that the 
presence or absence of anaiyte at the reaction site 
may be visually determined. Such assay devices 
are rapid and generally reliable but suffer from 
limitations in capture efficiency and sensitivity be- 

20 cause most of the anaiyte in the sample material 
flows around rather than through the reaction site 
on the capture material. 

Various disclosures are of interest to the 
present application. Tom, et aL, U.S. Patent No. 

25 4,366,241 discloses an immunoassay device com- 
prising a relatively small test zone including a 
specific binding reagent, and a relatively large ab- 
sorbing zone in liquid receiving relationship with 
said immunosorbing zone. Immunoassays for de- 

30 termining the presence of an anaiyte material are 
carried out by contacting the assay device with a 
sample solution, a solution containing enzyme 
labelled specific binding material and a solution 
containing an enzyme catalyzed signal system. 

55 The solutions migrate through the immunosorbing 
zone into the liquid absorbing zone and the pres- 
ence of anaiyte in the sample material is indicated 
by enzyme activation of the signal system. 

Deutsch, et a!., U.S. Patents Nos. 4,094,647. 

40 4.235,601 and 4361.537 relate to immunological 
and other types of specific binding assays wherein 
reagents are transported by chromatographic sol- 
vent transport According to one embodiment, a 
radiolabelled competitive binding assay kit com- 

45 prises a strip capable of transporting a developing 
liquid by capillarity having a first zone for receiving 
a sample, a second zone impregnated with a first 
reagent capable of being transported by the devel- 
oping liquid and a third zone impregnated with a 

so second reagent In addition, the devices comprise 
a measuring zone and a retarding element which 
may be either the second reagent or the material of 
the strip. The first reagent is capable of reacting 
with one of the group consisting of (1) the sample, 
(2) the sample and the second reagent, and (3) the 
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second reagent in competition with the sample, to 
form a product in an amount dependent on the 
characteristic being determined. A sample is con- 
tacted with the first zone and the strip is then 
dipped into the developing liquid to bring about 
transport of the sample and the first reagent to 
form the reaction product. The retarding element 
slows transport of either the product or the first 
reagent (the moving reagent) to spaciaily separate 
the two and the amount of the moving element is 
then measured at the measurement location. 

Also of interest to the present invention is the 
disclosure of co-owned and copending U.S. Patent 
Application Serial No. 912,878 filed September 29, 
1988 by Gordon, et al., which is hereby incor- 
porated by reference and which relates to devices 
for conducting specific binding assays utilizing the 
sequential chromatographic transport of analyte 
and reagent materials. Wash and addition steps are 
inherently carried out and liquid "microcircuitry" 
can be programmed to carry out a variety of mul- 
tistep procedures and to avoid the premature mix- 
ing of sample materials and reagents. Specifically, 
the Gordon, et al., sequential transport application 
relates to devices which comprise a test strip for 
the detection of an analyte in a sample comprising 
a length of chromatographic material having the 
capacity for rapid chromatographic solvent trans- 
port of non-immobilized reagents and reactive sam- 
ple components by means of a selected 
chromatographic solvent. 

Of further interest to the present invention are 
the disclosures of Piasio, et ah, U.S. Patent No. 
4,255.575 and Utman. et ah, U.S. Patent No. 
4,391,904. These references relate to specific bind- 
ing assay methods generally and disclose immo- 
bilization of enzyme substrates buffers and cof ac- 
tors on solid phase matrices. 



SUMMARY OF THE INVENTION 



The present invention relates to devices and 
methods for determining the presence or amount of 
an analyte substance in a sample by means or one 
or more specific binding reactions. The devices 
include, a chromatographic medium having capil- 
larity and the capacity for chromatographic solvent 
transport of one or more reactive sample compo- 
nents and non-immobilized reagents including a 
reaction site at which is present an immobilized 
reagent capable of binding a member from the 
group consisting of the analyte substance and a 
labelled specific binding material. The devices also 
include a sample application means located adja- 
cent to the chromatographic medium and offset 
upstream from' the reaction site, and a liquid ab- 



sorption means offset downstream from the reac- 
tion site. A method for use of the device to deter- 
mine the presence or amount of an analyte sub- 
stance in sample includes the steps (a) applying a 

5 volume of a sample to be analyzed to the sample 
application means whereby the sample is trans- 
ported along the chromatographic medium through 
the reaction site to the liquid absorption means, (b) 
contacting the labelled specific binding material to 

io the reaction site, (c) removing unbound sample 
materials and unbound labelled specific binding 
materials from the reaction site and (d) determining 
the presence or amount of labelled specific binding 
material immobilized at the reaction site as an 

is indication of the presence or amount of the analyte 
substance in the sample. 

The unbound sample materials and unbound 
labelled specific binding materials may be removed 
from the reaction site by means of a wash step 

20 wherein a wash solution is applied to the reaction 
site, preferably by application through the sample 
application means. Alternatively, if the labelled 
binding materia) is sufficiently dilute, a wash step is 
not always necessary. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



ao Fig. 1. depicts a perspective view of a de- 

vice according to the present invention. 

Fig. 2. depicts a top view of the device 
depicted in Fig. 1. 

Fig. 3. depicts a view along line 3-3 of the 
as device depicted in Fig. 2. 



DETAILED DESCRIPTION 

40 

The present invention provides improved meth- 
ods and devices for the practice of chromatog- 
raphic specific binding assay techniques. Devices 
according to the invention are characterized by a 

45 high capture efficiency which is particularly ad- 
vantageous in the use of the invention for diagnosis 
of pediatric and geriatric patients where the volume 
is of sample fluids obtainable from such patients 
may be limited. This high capture efficiency results 

so from the chromatographic transport of sample and 
other reactive materials laterally through the reac- 
tion site which forces the materials to flow through 
a length of chromatographic media containing spe- 
cific binding agents rather than through or around a 

65 narrow thickness of impregnated medium. 

The devices are suitable for analysis of sam- 
ples with heavy loads of particulate matter without 
the necessity of a prefilter. Particulate matter does 



5 



EP 0 306 772 A1 



6 



not interfere with analyte determination at the loca- 
tion of the reaction site, but instead accumulates at 
the interface of the sample application means and 
the chromatographic material. Nevertheless, prefU- 
ters, and particularly non-removable ones, may be 
used and fitted into sample application means 
where samples comprise especially heavy loads of 
particulate matter, for example, whole blood. 

The devices of the present invention comprise 
a chromatographic medium with a reaction site, a 
sample application means located adjacent to the 
medium and offset upstream from the reaction site 
and a liquid absorption means located downstream 
from the reaction site. Present at the reaction site 
is an immobilized reagent capable of binding a 
member from the group consisting of said sub- 
stances and a labelled specific binding material. 
The chromatographic medium and sample applica- 
tion and liquid absorption means are preferably 
disposed in a holder. Sample materials and 
reagents are added together or sequentially to the 
sample application means, which may comprise an 
area offset from the reaction site, a well, an absor- 
bent pad, or volumetric delivery device in contact 
with the chromatographic medium. Preferably, the 
sample application means is a well or absorbant 
pad, such as may be fashioned from blotter ma- 
terial. The sample materials and reagents are ab- 
sorbed into the chromatographic medium and are 
chromatographically transported aiong the medium 
and laterally through the reaction site. Analyte sub- 
stance and reagent materials may be immobilized 
by a specific binding reaction at the reaction site 
while non-analyte sample components and non- 
immobilized reagents are transported through the 
chromatographic medium to the liquid absorption 
means located downstream from the reaction site. 

Referring to the drawings, Rgs. 1 through 3, 
depict a device (10) for the detection of an analyte 
in a sample liquid comprising an upper housing 
portion (11). a lower housing portion (12), a length 
of chromatograpnic medium (13) with a first end 
(14) at which chromatographic solvent transport 
begins, a second end (15) at which chromatog- 
raphic solvent transport ends and a reaction site 
(16) at which is immobilized a reagent capable of 
binding a member from the group consisting of the 
analyte substance and a labelled specific binding 
material. The device (10) further comprises a back- 
ing strip (17) adjacent to the chromatographic me- 
dium (13). a sample well (18) defined by the upper 
housing portion (11) adjacent to the first end (14) of 
the chromatographic medium (13) and a blotter 
material (19) downstream from the reaction site 
(16) and adjacent to the second end (15) of the 
chromatographic medium (13). 

According to one procedure for use of the 
device (10) to perform sandwich-type assays, a 



volume of a sample to be tested for the presence 
of an analyte substance is added to the sample 
well. The sample materia] is absorbed into the 
chromatographic medium (13) where it begins to 

5 flow toward the second end (15). The sample ma- 
terial containing the analyte substance, if any, flows 
through the reaction site (16) at which a reagent is 
immobilized which is capable of specifically bind- 
ing with any analyte substance so as to immobilize 

to it at the reaction site (16). Non-analyte sample 
materials continue to flow through the chromatog- 
raphic medium (13) toward the second end (15) 
where they are absorbed by the blotter material 
(19). 

rs When transport of the sample material from the 
sample well (18) to the blotter material (19) is 
complete a labelled reagent material capable of 
specifically binding with the analyte substance is 
added to the sample well (18) such that it is 

20 absorbed by the chromatographic medium (1 3) and 
transported through the reaction site (16) to the 
second end (15) of the medium where it is ab- 
sorbed by the blotter material (19). When any of 
the analyte substance is immobilized at the reac- 

25 tion site (16) the labelled reagent material reacts 
with the analyte substance and is also immobilized. 
Where the reagent material is labelled with a 
radtolabel. a chromophore or a fluorophore the 
presence of the labelled material and hence the 

M analyte substance may be detected at the reaction 
site. Where the reagent material is enzyme-label- 
led, additional reagents such as enzyme sub- 
strates, cofactors and dye precursors may be ad- 
ded to the sample well (18) or directly to the 

35 reaction site (16) in order to indicate the presence 
of the analyte substance. 

According to two alternative embodiments, the 
labelled specific binding material may be included 
or dried in the chromatographic medium, upstream 

do of reaction site or in the absorbant material of the 
sample application means such that it is recon- 
stituted by addition of the sample. 

The device (10) according to Rgs 1 through 3 
may also be modified to perform competition-type 

45 specific binding assays. According to one such 
method, the labelled specific binding reagent may 
be selected to compete with the analyte substance 
for binding with the reagent immobilized at the 
reaction zone (16) which is capable of binding with 

so both. The quantity of the analyte substance present 
in the sample will determine the proportion of a 
predetermined amount of labelled specific binding 
material that binds at the reaction site (IB). Adjust- 
ments of the quantity and/or binding affinity of the 

55 labelled specific binding material can be made in 
order to determine the quantity of analyte present 
in the sample. 

Various other specific binding assays may be 
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carried out on the devices of the present invention. 
As an example, the chromatographic medium may 
be impregnated at additional reaction sites with 
various immobilized specific binding agents. Such 
additional reaction sites may be used for the detec- 
tion of additional analyte substances or may be 
used, as in a competition-type assay to quantify 
the amount of analyte substance present in a sam- 
ple. Additional reaction zones may be used to 
capture substances that interfere with accurate de- 
termination of the analyte. 

The chromatographic medium may be impreg- 
nated with other reagents and materials including 
dye compounds, enzyme substrates, coenzymes 
and cofactors which react with enzyme labels to 
produce color signals as is well known in the art. 
According to one aspect of the present invention, 
where the labelled specific binding agents are 
enzyme-labelled the enzyme label being character- 
ized in that its presence may be determined by 
reaction with members of a signal generating 
substrate/cofactor group, a first member of the 
signal generating substrate/cofactor group may be 
immobilized at a reaction site on the chromatog- 
raphic medium. A second member of the 
substrate/cofactor group may be added at an ap- 
propriate time to activate the signal generating sys- 
tem if an enzyme label is present. By pre-impreg- 
natjng the reaction site with a member of the signal 
generating substrate/cofactor group, an addition 
step is avoided ,and problems relating to the in- 
stability or insolubility of substrates, cofactors and 
dye precursors when stored together are avoided. 
Moreover, certain members of the signal generat- 
ing group of compounds may have low chromatog- 
raphic mobility with the result that pre-impregnation 
at the reaction site is particularly preferred. 

The devices may be housed singly, in pairs, or 
in multiple configurations. The housing should pref- 
erably be watertight to prevent leakage and may be 
manufactured from a variety of inert materials, with 
polymer materials being preferred for their ease of 
fabrication. The sample well should be of sufficient 
volume to contain any required amount of sample 
or reagents to be used with the invention. Where 
the liquid absorption means is enclosed within the 
housing of the device, it should be provided with 
sufficient volume that sample, wash, and reagent 
materials applied to the device during assay proce- 
dures may all be absorbed. According to a pre- 
ferred embodiment of the present invention 
wherein the chromatographic media is a strip of 
nitrocellulose material 0.4 cm wide, sample and 
reagent volumes ranging from 10 al to 150 Ul are 
suitably accommodated. 

The reaction site is located downstream from 
the sample application means and is visible to view 
from either side, either being unenclosed or cov- 



ered with a transparent material. The reaction site 
is preferably unenclosed, thus facilitating observa- 
tion of the presence or absence of signals from the 
site and also allowing the addition of reagents 

5 and/or wash solutions to the reaction site. 

The liquid absorption means located down- 
stream from the reaction site absorbs sample ma- 
terials, reagents and wash solutions and thus al- 
lows chromatographic transport of sample and oth- 

10 er materials from the first end of the chromatog- 
raphic medium through the reaction site to the 
second end of the medium. Without such absorp- 
tion chromatographic transport would cease and 
the efficiency advantage resulting from the lateral 

r5 flow of sample through the reaction site would be 
lost 

The liquid absorption means can include the 
chromatographic medium itself wherein sample and 
reagent materials are transported and adsorbed bv 

20 an extended length of the medium. A particularly 
preferred aspect of the invention is that wherein the 
liquid absorption means is located adjacent to the 
chromatographic medium and Is offset downstream 
from the reaction site. Locating the absorption 

25 means adjacent to the chromatographic medium 
provides additional absorption capacity. Offsetting 
the absorption means downstream from the reac- 
tion site ensures that sample materials, and all 
other materials introduced upstream of the reaction 

30 site flow primarily laterally and not vertically 
through the reaction site. 

The absorption means may consist of an ex- 
tended length of chromatographic medium but 
preferably consists of a quantity of blotter material. 

35 Celluiosic blotter materials derived from wood pulp 
or cotton are suitable. The blotter material need not 
have dimensions similar to those of the chromatog- 
raphic medium and is generally wider and thicker 
than the chromatographic medium. The blotter 

40 need only be adjacent to the chromatographic me- 
dium such that fluid from the chromatographic me- 
dium can flow into the blotter. A particularly pre- 
ferred material is James River Type 52 point blot- 
ter material (James River Paper Co., Inc., Rich- 

45 mond, VA). The absorption means preferably must 
be capable of absorbing the entire volume of sam- 
ple material and is preferably capable of absorbing 
the additional reagents and doing so rather rapidly. 
Chromatographic media useful with the present 

so invention include those chromatographic substrate 
materials having capillarity and the capacity for 
chromatographic solvent transport of non-immobi- 
lized reagents and sample components. The 
chromatographic media used with the invention are 

55 preferably in the form of strips. While a wide vari- 
ety of chromatographic materials such as woven 
and non-woven fibrous materials used for paper 
chromatography are suitable for use with the inven- 
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tion, the use of microporous or microgranular thin 
layer chromatography substrates is particularly pre- 
ferred as the use of such materials improves the 
speed and resolution of the assays according to 
the invention. The materials should preferably be 
inert and generally not react physically or chemi- 
cally with any of the sample components, reagents 
buffers or reaction products. Co-owned and copen- 
ding U.S. Patent Application Serial Nos . 912, 878 
filed September 29. 1986 and 072,459 filed July 
13, 1987, the disclosure of which are hereby incor- 
porated by reference, disclose a wide variety of 
suitable chromatographic substrate materials. Par- 
ticularly preferred, however, is the use of a micro- 
porous nitrocellulose material with a pore size of 5 
urn designated Type SMWP (Millipore Corp., Bed- 
ford. Massachusetts). 

Because the chromatographic media of the de- 
vice is preferably chemically inert, it may have to 
be activated at any reaction site where it is desired 
to immobilize a specific binding reagent against 
solvent transport. Various methods will be required 
to render the reagent immobilized according to the 
particular chemical nature of the reagent Gen- 
erally, when the media is nitrocellulose or a mixed 
nitrocellulose ester, no special chemical linkage is 
required for the immobilization of reagents. Various 
techniques may be used for other materials and 
reagents which include functionaiization with ma- 
terials such as carbonyldiimidazole, glutaraldehyde 
or succinic acid, or treatment with materials such 
as cyanogen bromide. Other suitable reactions in- 
clude treatment with Schiff bases and borohydiide 
for reduction of aldehydlc, carbonyl and amino 
groups. ONA. RNA and certain antigens may be 
immobilized against solvent transport by baking 
onto the chromatographic material. Baking may be 
carried out at temperatures ranging from abut 
60* C to about 120* C for times varying from about 
five minutes to about 12 hours, but preferably at 
about 80* C for about two hours. 

Specific binding reagents useful with the 
present invention would be readily identifiable to 
one of skill in the art and include those materials 
which are members of a specific binding pair con- 
sisting of a ligand and a receptor. The ligand and 
receptor are related in that the receptor specifically 
binds to the ligand, being capable of distinguishing 
the ligand from other materials having similar char- 
acteristics. The methods and devices according to 
the present invention are particularly useful in the 
practice of immunological assay techniques where 
the specific binding reagents are antigens and anti- 
bodies including antibody fragments and synthetic 
antibodies. Specific binding materials such as 
avidin. biotin. strepatavidin and antibiotin may also 
be labelled and utilized in specific binding 
chromatographic assays according to the invention. 



The methods, kits and devices may also prove 
useful in the practice of DNA and RNA hybridiza- 
tion assays and other specific binding assays such 
as those involving receptors for hormones or other 

5 biologically active agents. 

Blocking agents useful in preparation of de- 
vices for the specific binding of the present inven- 
tion are those agents capable of blocking excess 
binding sites on the chromatographic media which 

w might hinder chromatographic solvent transport of 
sample materials or reagents of the invention. In 
the construction of devices of the present invention, 
the chromatographic medium is impregnated with 
the reagent to be immobilized at the location de- 

ts sired. Once the reagent has been immobilized at 
the desired site, the strip is then preferably pro- 
cessed so as to block excess binding sites for 
other reagents or sample materials. Particularly 
suitable is the use of blocking solutions comprising 

so proteins such as casein, gelatin, albumin or total 
serum. Such proteins are selected to not interfere 
with or cross-react with reagent materials of the 
assays. Blocking of the sites may preferably be 
conducted by dipping the chromatographic sub- 

25 strate materials in a solution of 0.2% casein in 
physiological saline and air drying the strips ma- 
terials. Other methods include dipping in solutions 
of 0.1% gelatin or 0.1% bovine serum albumin 
followed by air drying of the substrate materials. 

30 

EXAMPLE 1 



35 According to this example, sandwich-type im- 
munoassay devices for the detection of Hepatitis B 
surface antigen (HBsAg) were constructed and 
used. Microporous nitrocellulose material with a 
thickness of approximately 0.15 mm and a pore 

40 size of 5um {Millipore SMWP) was laminated to 
Mylar and adhesive (Monokote, Top Rite Models, 
inc.. Chicago, iL) at 60 to 65* C in a film dryer 
apparatus. The membrane and backing was cut to 
strips 0.4 cm wide and 2.5 cm long. Anti-HBsAg 

45 antibodies (Abbott Laboratories. North Chicago, IL.) 
(0.1-0.2 ul, 1.5 mg/ml) were applied to the reaction 
sites and incubated under ambient conditions for 
15 minutes. Non-specific binding sites on the 
chromatographic medium were then blocked and 

so cosubstrate bound by incubation for ten minutes at 
ambient temperature with a solution comprising 
0.1% fish gelatin. 1% sucrose and 0.14 mg/ml nitro 
blue tetrazolium in 10 mM Tris and 150 mM NaCI 
(pH 7.6). The strips were then dried at 40 *C for 

55 about one hour and stored at ambient temperature 
in the presence of a desiccant. Devices generally 
similar to the device of Figs. 1 through 3 were 
fashioned utilizing the impregnated strips and 



11 



EP 0 306 772 A1 



12 



James River 52 point blotter material (1.0 cm by 
2.4 cm) which was placed above the second end of 
the strips to function as a liquid absorption means. 

To the sample application well of each test 
device was added a 30 ul sample of recalcified 
plasma which had been spiked with carrying con- 
centrations of HBsAg. After the sample had soaked 
into the first end of the nitrocellulose material, and 
had been transported through the reaction site to 
the second end of the nitrocellulose material, been 
absorbed by the blotter material a 15 ul aliquot of 
biotin labelled AntJ-HBsAg antibodies (1 ug/ml) was 
added to each sample well. After this solution was 
transported through the device, a 15 ul aliquot of 
alkaline phosphatase labelled antibiotin (2 ug/ml) 
(Abbott Laboratories, North Chicago, IL) was added 
to each sample well and reaction sites were twice 
washed by addition to each sample well of 1 5 ul of 
wash solution comprising 1% Triton X 100 in Tris 
buffered saline solution. A 15 ul aliquot of develop- 
ing solution comprising 0.5 mg/ml bromochloroin- 
dolylphosphate, 0.1 mg/ml MgCfe and 1% 2-amino- 
2-methyl propanol (pH 9.8) was then added to each 
sample well and a color reaction was allowed to 
develop for five minutes before the reaction was 
inhibited by addition of 15 ul of a 10 mM ethylene 
diamine tetraacetic acid (EDTA) solution. Sample 
solutions containing no HBsAg produced no signal, 
the reaction site was white. Sample solutions con- 
taining as little as 0.1 ng/ml HBsAg produced read- 
ily visible blue-gray spots at the reaction site. The 
total assay time was 25 minutes. 



EXAMPLE 2 



According to this example, sandwich-type de- 
tection of HBsAg were constructed and used 
wherein the labelled specific binding material is 
labelled with colloidal gold particles according to 
the method of co-owned and copending U.S. Serial 
No. 072,459. The device and materials used were 
identical to that described according to Example 1, 
with the exception that nitro blue tetrazolium was 
omitted from the blocking solution. 

To the sample well of each device was added 
a 50 ul sample of recalcified plasma which had 
been spiked with varying amounts of HBsAg. After 
the sample had soaked into the first end of the 
nitrocellulose material, a 50 Ul aliquot of anti- 
HBsAg antibodies labelled with 40 nm colloidal 
gold particles adsorbed at 5 ug/ml (Abbott Labora- 
tories) was added to each sample well. The total 
time for the assay was 15 minutes. Sample solu- 
tions containing no HBsAg produced no signal over 
background. Sample solutions as little as 1.0 ng/ml 
of HBsAg produced visible purple spots at the 



reaction site. No wash step was required since the 
antibody gold particles were sufficiently dilute. 

Numerous modifications and variations in prac- 
tice of the invention are expected to occur to those 

5 skilled in the art upon consideration of the fore- 
going descriptions of preferred embodiments there- 
of. It is well within the skill in the art to practice the 
present invention accordingly to a wide variety of 
methods and formats. Consequently, only such 

10 limitations should be placed on the invention as 
appear in the following claims. 



Claims 

75 

1. A test device for determining the presence 
or amount of an analyte substance in a sample by 
means of one or more specific binding reactions 
comprising; 

so a chromatographic medium having capillarity and 
the capacity for chromatographic solvent transport 
of one or more reactive sample components and 
non-immobilized reagents including a reaction site 
at which is present an immobilized reagent capable 

25 of binding a member from the group consisting of 
said analyte substance and a labelled specific 
binding material. 

a sample application means located adjacent to 
said chromatographic medium and offset upstream 
30 from said reaction site, and 

a liquid absorption means offset downstream from 
said reaction site. 

2. The test device according to claim 1 wherein 
said liquid absorption means is said cbromatog- 

35 raphic medium. 

3. The test device according to claim 1 wherein 
said liquid absorption means offset downstream 
from said reaction site Is located adjacent to said 
chromatographic medium. 

40 4 . The test device according to claim 1 
wherein a member of a signal generating substrate/ 
cof actor group is immobilized at said reaction site. 

5. The test device according to claim 4 wherein 
nitroblue tetrazolium is Immobilized at said reaction 

45 site 

6 A method for determining the presence or 
amount of an analyte substance in a sample which 
method utilizes; 

a chromatographic medium having capillarity and 
so the capacity for chromatographic solvent transport 
of one or more non- immobilized reagents and 
reactive sample components Including a reaction 
site at which is present an immobilized reagent 
capable of binding a member from the group con- 
55 sistlng of said analyte substance and a labelled 
specified binding material, 
a sample application means located adjacent to 
said chromatographic material and offset upstream 
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from said reaction site, and 

a liquid absorption means offset downstream from 

said reaction site, said method comprising: 

(a) applying a volume of said sample to said 
sample application means whereby said sample is s 
transported along said chromatographic medium 
through said reaction site to said sample adsorp- 
tion means, 

(b) contacting said labelled specific binding 
material to said reaction site, and w 

(c) determining the presence or amount of 
labelled specific binding material immobilized at 
said reaction site as an indication of the presence 
or amount of the substance in the sample 

7. The method according to claim 6 wherein rs 
unbound sample materials and unbound specific 
binding materials are removed from the reaction 
zone by means of a wash step. 

8. The method according to claim 6 wherein 

said liquid absorption means is located adjacent to 20 
said chromatographic material and offset down- 
stream from said reaction site. 

9. The method according to claim 6 wherein 
said reaction site includes an immobilized member 

of a signal generating substrate/cofactor group. 25 
said method further comprising the step (c') of 
contacting one or more additional members of said 
signal generating substrate/cofactor group to said 
reaction site to initiate a signal generating reaction. 

10. The method according to claim 9 wherein oo 
nitroblue tetrazolium is immobilized at said reaction 

site and bromochloroindolyphosphate is added to 
initiate a signal generating reaction. 
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